"Natural" hemagglutinin titers against a panel of fixed erythrocyte antigens were determined for groups of Minnesota miniature swine reared conventionally, in a specific pathogen-free facility, and in germfree isolators. Sera were assayed for hemagglutination (HA) titers by the microtiter method against 12 species of erythrocytes stabilized by treatment with pyruvic aldehyde and formaldehyde. These erythrocytes were stable for up to 2 years and gave slightly enhanced HA titers as compared to fresh, unfixed erythrocytes. Of the sera from conventional swine tested, the highest "natural" HA titers were directed towards rabbit, cat, dog, and burro erythrocytes (>1:1,000), intermediate titers were detected against human A, B, and 0, and sheep, pig, and chicken erythrocytes (1:64 to 1:1,000), whereas the lowest titers were found against ox and goat erythrocytes (<1:8). Titers obtained with sera from specific pathogen-free swine were 2-to 16-fold lower than those of conventional swine, but were of a similar distribution with regard to the species of erythrocyte tested. Germfree swine sera uniformly exhibited HA titers <1:4 against all species of erythrocytes. The majority of these hemagglutinins were immunoglobulin M class but there were some agglutinins of immunoglobulin A class and a slight amount of immunoglobulin G class. Specificity of these agglutinins was examined by absorption tests. The results are consistent with the hypothesis that natural hemagglutinins develop due to dietary or microbial antigenic stimulation, or both.
"Natural" hemagglutinin titers against a panel of fixed erythrocyte antigens were determined for groups of Minnesota miniature swine reared conventionally, in a specific pathogen-free facility, and in germfree isolators. Sera were assayed for hemagglutination (HA) titers by the microtiter method against 12 species of erythrocytes stabilized by treatment with pyruvic aldehyde and formaldehyde. These erythrocytes were stable for up to 2 years and gave slightly enhanced HA titers as compared to fresh, unfixed erythrocytes. Of the sera from conventional swine tested, the highest "natural" HA titers were directed towards rabbit, cat, dog, and burro erythrocytes (>1:1,000), intermediate titers were detected against human A, B, and 0, and sheep, pig, and chicken erythrocytes (1:64 to 1:1,000), whereas the lowest titers were found against ox and goat erythrocytes (<1:8).
Titers obtained with sera from specific pathogen-free swine were 2-to 16-fold lower than those of conventional swine, but were of a similar distribution with regard to the species of erythrocyte tested. Germfree swine sera uniformly exhibited HA titers <1:4 against all species of erythrocytes. The majority of these hemagglutinins were immunoglobulin M class but there were some agglutinins of immunoglobulin A class and a slight amount of immunoglobulin G class. Specificity of these agglutinins was examined by absorption tests. The results are consistent with the hypothesis that natural hemagglutinins develop due to dietary or microbial antigenic stimulation, or both.
"Natural" antibody has been defined as antibody present in normal serum in the absence of specific antigenic contact. It is well known that sera of normal unimmunized animals contain agglutinins and hemolysins reactive with bacteria and various species of erythrocytes. However, the derivation of such natural antibody is still debatable. Antibodies are generally defined as products of antigenic stimulation. However, many early investigators (16) believed that antigen played little or no role in the formation of natural antibodies; rather, they arose spontaneously as products of the normal physiological development of serum globulins. Jerne (10) addressed the significance of natural antibody and suggested that it might function as part of the mechanism by which the immune system distinguished foreign material from self. His natural selection theory proposed that the initial step in an immune response was a complexing of antigen with specific antibodies in the circulation which were continually synthesized (even in the absence of antigen exposure) in a great variety of specificities. According to the clonal selection theory of Burnet (3) , antigen initially combined with immunoglobulin molecules present on the surfaces of plasma cell precursors, whose descendants synthesized large amounts of antibody of the same specificity. His theory assumed that the specificity of each plasmacyte was determined by the cell's own genetic constitution, and that an organism would be capable of producing an enormous variety of antibody specificities, provided there existed enormous numbers of genetically different constitutive mutants among the precursor population. "Background" antisheep erythrocyte plaque-forming cells detected in the spleens of unimmunized mice (9, 11) have been offered as evidence for the spontaneous synthesis of immunoglobulin proposed in these theories.
Questions of the origin of natural antibody have been reviewed (2, 20, 42) , and, despite controversy over its derivation, it is apparent that it fulfills a number of essential functions, such as defense against bacterial and viral infections (4, 21, 23, 27) , participation in the rejection process of foreign tissues and cells (17, 24, 28, 32, 38, 40) , the ability to enhance weak or suboptimal immunogenicity of foreign substances (7, 19, 29, 41) , and a role in regulation of immune responses (5, 26, 32, 33) .
To examine the role of diet, normal flora, and environment in the ontogeny of natural aggluti-"NATURAL" HEMAGGLUTININS IN MINIATURE SWINE 203 nins, serum hemagglutination (HA) titers against a panel of fixed erythrocyte antigens were determined for groups of germfree colostrum-deprived piglets, specific pathogen-free (SPF) swine, and conventional swine. Our data support the hypothesis that antigen is responsible for the development of natural hemagglutinins.
MATERIALS AND METHODS Animals. Germfree colostrum-deprived piglets were obtained by aseptic hysterectomy 3 to 5 days before term and maintained in germfree isolators on a diet of Mullsoy (Syntex Laboratories, Palo Alto, Calif.) and pyrogen-free distilled water (12, 13 After the final absorptions, the sera were serially diluted and titrated.
Serum fractionation and isolation of immunoglobulin classes. Pooled serum samples from conventional young adult swine were chromatographed on Sephadex G-200 Superfine, and the first three major eluting peaks (14) were assayed for HA activity against the erythrocyte panel. Major classes of porcine immunoglobulin were purified from the sera of normal, unimmunized conventional swine. The purity of these immunoglobulin preparations has been reported by Setcavage and Kim elsewhere (30) . These purified immunoglobulin classes were also assayed for HA activity against the erythrocyte panel.
RESULTS
To examine the role of environment in the ontogeny of natural agglutinins, HA titers against a panel of fixed erythrocyte antigens were determined for sera from groups of colostrum-deprived germfree piglets, SPF swine, and conventional swine. HA titers were assayed by the microtiter method against 12 different erythrocyte types stabilized by treatment with pyruvic aldehyde and formaldehyde. Such fixed cells were stable for up to 2 years when stored in phosphate buffer containing 1.0 mg of sodium azide per ml at 4°C. Table 1 demonstrates the effect of the fixation procedure on the erythrocyte species utilized in this study. Fixation had little effect on the HA titers obtained when assayed against six miniature sow sera. Indeed, fixation produced slightly enhanced titers in most cases. Obviously the use of fixed cells allows one to make comparisons of titers from serum samples collected at widely separated intervals against the identical antigenic particle. Although erythrocytes collected from single individuals were used throughout this study, virtually identical titers were obtained against erythrocytes of each type collected from one or more different donors (data not shown).
Conventional young adult miniature
,wine. Figure 1 shows the titers obtained from colostrum (34, 37) . These factors present in-. (12, 15) .
When these germfree animals were associated with known normal anaerobic flora and introduced into our SPF facility where they were maintained on an autoclaved solid diet, they developed significant levels of hemagglutinins (Fig. 2) . This is undoubtedly a result of an increased microbial and dietary antigenic burden, which becomes the stimulus for the production of the hemagglutinins we have measured.
Our initial attempts at physicochemical characterization of these agglutinins have concentrated on establishing their immunoglobulin nature. Pooled sera from conventional young adult swine were chromatographed on Sephadex G-200, and the three major peaks eluted were assayed for hemagglutinating activity against the erythrocyte panel. The majority of the HA activity was contained within the first peak, which contains the heavy immunoglobulin classes (IgM and IgA). There was a slight amount of activity in the second (IgG-containing) peak, particularly towards those erythrocyte species yielding the highest titers with unfractionated sera. No activity was detectable in peak 3, which contains no immunoglobulin ( Table 5 ).
To further analyze the distribution of hemagglutinins within the major classes of porcine immunoglobulins, purified IgM, IgG, and IgA fractions obtained from sera of normal, conventional young adult swine were assayed for HA titers against the erythrocyte panel ( Table 6 ). The homogeneity of these preparations has been previously established (30) . The fractions were first adjusted to approximate the average whole serum concentration of each respective immunoglobulin class. The IgM fraction exhibited the highest HA titers, although substantial titers were also obtained with the purified IgA fraction. Low titers were obtained with the IgG fraction. This demonstrates that natural hemagglutinins occur within IgM, IgG, and IgA classes in swine, as was previously demonstrated for antibacterial antibodies (1) . Specificity of these hemagglutinins was determined by absorption tests (Table 4) . Although each ofthe erythrocyte species exhibited some degree ofcross-reactivity, there were differences in the pattern of absorbable activity produced with each erythrocyte type.
It was previously reported that natural antibodies differ from "immune" antibodies in having a greater thermolability (2, 20, 42) . This presumably is evidence of differing physicochemical properties and derivation. In this regard, we subjected conventional young adult swine sera to temperatures as high as 600C for 30 min without diminution of HA titers to the erythrocyte panel (data not shown). This suggests that, contrary to previous reports, there are no differences in the thermolability of immune or natural antibodies; i.e., all antibodies are immune antibodies.
